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Somitic muscle segments of zebrafish exhibit V-shaped structures, called chevrons, which are believed to play a role in swimming. However, the mechanism that drives robust chevron patterning and shaping during embryogenesis remains elusive.
In the developing zebrafish embryo, future muscle segments (somites) are generated as elliptical blobs that mature and spread to acquire their final chevron shape. Combining single-cell resolution microscopy and theoretical modelling we investigate the interplay between intrinsic (cellular reorganization within the somite tissue, such as cell rearrangements and cell differentiation) and extrinsic (coupling with neighbouring tissues) factors. We use live confocal imaging to follow the evolution of the three-dimensional shape of somites and Particle Image Velocimetry to quantify the relative tissue movements.
We encompass our experimental observations in a vertex model that combines tissue differential growth, cell division and rearrangements with anisotropic elongation due to cell differentiation. By exploring the range of the model parameters, we construct a phase diagram of the final somite shape and study in particular the stability of the chevron shape. Maintenance of the animal cell shape by the actomyosin cortex underlying the plasma membrane and generation of the contractile force within the cortex by non-muscle myosin II drive cellular morphogenetic processes such as gastrulation and cell division. Nevertheless, the regulation of the architecture and dynamics of the cortex by actin-bundling proteins is still poorly understood. Here we demonstrate that the evolutionarily conserved actin-bundling protein plastin (a.k.a fimbrin) is instrumental for the generation of potent cortical actomyosin contractility in the C. elegans zygote. Endogenous plastin, labelled by GFP via CRISPR/Cas9 knock-in, was found to be associating with both formin-and arp2/3-mediated subpopulations of F-actin, and enriched in contractile structures. Plastin was required for effective coalescence of nascent NMY-2 filaments into large contractile foci and for long-range coordinated contractility in the cortex. In the absence of plastin, force-dependent cellular processes during early embryogenesis, i.e. polarization and cytokinesis, were both significantly compromised, and 50% of embryos died during development. Based on these results as well as in silico CytoSim simulations, we propose that by increasing the connectivity of the F-actin meshwork, plastin enables the cortex to generate stronger and more coordinated forces to execute cellular morphogenesis. The aim of this study to evaluate the effect of sperm storage temperature (40C and room temperature 260C) on the ability to produce pig embryos in vitro fertilization (IVF) and provide the results to the improvements in the rate of embryo production in Landrace and Duroc breed. To evaluate damage of the sperm membrane, experiments were arranged into 04 lots, repeated 03 times. Semen samples of pigs (5 ml) were placed on different storage temperature of 40C and 260C in periods of 6h, 24h, 48h storage. Each batch of 30 samples of semen and sperm was stained PNA-PI to classify integrity, damage, abnormality on the rate of damaged acrosome. For fertility assessment and the ability to obtain embryos after artificial fertilization (IVF) of sperm stored at 40C and room of 260C from pigs of popular breeds Landrace and Duroc, ovum was fertilized with sperm preserved at the 40C and 260C temperature during periods of 06h, 24h, 48h storage to evaluate the possibility of embryos obtained in vitro and observes embryo development. When sperm were stored at 40C temperature and preserved during 24h, rate of sperm membrane damage in Duroc was 42%, Landrace was 28%, blastocyst rate obtained in Duroc (10%), Landrace (20%). When sperm were stored at 260C temperature and storage period 24h, rate of sperm membrane damage in Duroc (76%), Landrace (53%) was much higher than the proportion of damaged sperm when reserved at 40C and 24h storage period, the percentage of blastocysts obtained the highest as sperm preserved at temperature of 260C and 24h of storage in Duroc (46%), Landrace (30%). This result showed that duration of sperm preservation affected structure of sperm plasma membrane of acrosome and affected on development of embryo in vitro fertilization. Cells present in different tissues respond appropriately to the physical cues in the environment by formation of integrin mediated cell matrix adhesions. Various types of adhesions are laid out on substrates with different mechanical properties. To understand how cells distinguish rigidity of the environment and bring about appropriate mechanotransduction, we studied the early events in formation of cell-matrix adhesions.
Using quantitative super resolution microscopy in combination with substrates of vastly varying rigidities, we report that modular integrin clusters i.e. nascent adhesions of uniform size (~100nm) containing ∼50 β3-activated integrins are formed on all substrates within minutes of encountering the matrix. Integrin clustering is the first biochemical response when integrins encounter ligands (RGD peptide). We show that without talin or actin polymerization, few early adhesions form, but expression of either the talin head or rod domain in talin-depleted cells restores early adhesion formation. Mutation of the integrin binding site in the talin rod decreases cluster size suggesting that these clusters are formed by crosslinking of activated integrins with talin as a crosslinker. Using gold nanopatterning we observe that these clusters grow by recruiting activated integrins that are not ligand bound. This indicates a mechanism to assemble the clusters rapidly around an activated and ligand bound integrin. Importantly, mechanosensing is mediated by these universally assembled nascent adhesions. The epidermal growth factor receptor is recruited to nascent adhesions only on the rigid substrates and is required for its function there. Next, Local actin polymerization is mediated at these clusters by formin FHOD1 and is also required for differential maturation of cell matrix adhesions. Taken together, when integrins encounter ligands in the extracellular matrix, they cluster. These universal nascent adhesions enable the cells to sense their physical environment and respond to rigidity by differentially recruiting EGFR and regulating actin polymerization. Environmental cues from the extracellular matrix (ECM) are essential for guiding the fate of neural crest cells (NCC) during vertebrate embryogenesis. Adult mesenchymal stem cells (MSC) respond to physical cues such as ECM elasticity to form tissues with broadly different mechanical properties, like bone (rigid), or neurons and fat (compliant). These lineages are common to both NCC and MSC, however it is not known whether the ECM also has a mechanoregulatory role in NCC differentiation. Here, we investigated whether ECM stiffness could influence NCC fate in vitro, by culturing primary mouse NCC on soft (0.5kPa) and stiff (40kPa) fibronectincoated polyacrylamide substrates. Stiff substrates promoted cell spreading and actin stress fiber formation, whilst NCC on soft substrates appeared rounded with cortical actin. Stiff substrates significantly induced nuclear accumulation of YAP and TAZ, known mechanoeffectors of MSC differentiation. To investigate whether soft/stiff ECM regulated expression of NCC lineage markers, NCC were cultured for 7 days in the absence of growth factors or LIF. qPCR analysis revealed that stiffness played a role in up-and downregulating expression of genes associated with some NCC lineages. To investigate the requirement of cytoskeletal tension for stiffnessdependent transcription, treatment of NCC with a pharmacological inhibitor of ROCK (Y27632) abrogated these effects. We are currently determining if these mechanoregulatory influences are sufficient to direct cell fate within NCC. Throughout epithelial tissue morphogenesis, cell-cell boundaries of apical side experience both contraction and elongation. Such bidirectional boundary deformations and resulting forces are basis of tissue-scale deformations. To precisely describe functions of cell boundary deformations in a tissue, elucidations of mechanics underling different boundary dynamics, their transitions, and accompanying molecular dynamics on cell-cell junction are essential.
However, yet our knowledge remains incomplete.
In our previous study, we used amnioserosa cells, which exhibit rapid cell oscillation during Drosophila dorsal closure, and reported that cell junctional tension closely correlated with boundary dynamics, i.e., the tension dynamically fluctuates during boundary oscillation. Moreover, by developing a method to non-invasively estimate the junctional tension over time, we found that an adherens junction (AJ) molecule, vinculin, dynamically accumulates to or dissociates from oscillating boundary in a junctional-tensiondependent manner (Hara et al., Curr. Biol., 2016) .
Our recent observations indicated that the other AJ components (E-cadherin, α-catenin, etc) also dynamically fluctuate its density in response to the tension. Interestingly, our correlation analysis of the tension fluctuation and the density change demonstrated that each AJ molecules respond to tension change with different time courses. There results suggest that AJ molecules could rapidly respond to tension changes with different reactivity to modify the mode of boundary deformation or to reorganize cell-cell junctions during tissue morphogenesis.
In this presentation, we will discuss the mechanisms that cause rapid and tension-dependent dynamics of AJ components and also discuss the potential roles of the oscillatory dynamics of AJ components in global tissue dynamics. On tissue size control, cell-cell communication via cellular behaviors is necessary to regulate maintenance and development of tissues, and a principle underlying the communication is cellular response against mechanical forces generated within the tissues. Here we employed embryonic murine epididymal tubule to study a mechanoresponse system to realize maintenance of radial size in a developing epithelial tube. Combining imaging and mathematical modeling approaches, we found that oriented cell intercalation driven by actomyosin constriction on apical junctions of epididymal cells tends to occur against cell division along the circumferential axis of the tubule. We then hypothesized that actomyosin constriction would be activated as a cellular response against pressure produced due to the circumferential cell division, and verified that the hypothesis using a compression assay. In this seminar, I will propose a possible regime where oriented cellular behaviors responding to the generated anisotropic forces within the tissues would control the radial size of epididymal tubule, and also discuss how the mechanoresponse system with directionality of tissues works in the tissue morphogenesis.
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